To draw reliable conclusions about the internal state of a lithium-ion battery or about ageing processes using physico-chemical models, the determination of the correct set of input parameters is crucial. In the first part of this publication, the complete set of material parameters for model parameterization has been determined by experiments for a 7.5 Ah cell produced by Kokam. In this part of the publication, the measured set of parameters is incorporated into a physico-chemical model. Model results are compared to validation test results conducted on the Kokam cell. The influence of current rate and temperature is considered as well as a comparison with pulse tests is shown. It is discussed to which extent material parameters obtained by experimental investigation of laboratory coin cells can be transferred to commercial cells of the same material. There are different kinds of models to simulate lithium-ion batteries, each addressing different purposes. Electrical models, based on simple electric circuit diagrams, are usually used for battery management systems as they are superior due to their high computing time efficiency.
There are different kinds of models to simulate lithium-ion batteries, each addressing different purposes. Electrical models, based on simple electric circuit diagrams, are usually used for battery management systems as they are superior due to their high computing time efficiency.
1 Impedance-based models 2 are more complex, but are able to provide certain measures of extrapolation as they map physical processes. They can be coupled to thermal models to design pack configurations and cooling systems. 3 They are also used in semi-empirical ageing models aiming to predict lifetimes of batteries in real life applications. 4 Physico-chemical models on the other hand are even more complex as they simulate both, the physical and chemical processes based on the fundamental physical principles. Usually, such models describe the migration and diffusion processes as well as the charge transfer kinetics. They are not only able to reproduce the voltage/current behavior of a battery and to make extrapolations; they also display the internal state of a battery as potential or concentration distributions. They can therefore be used to gain a better understanding of the processes occurring inside a lithium-ion battery by providing much more information than just the terminal voltage. As they are parameterized by material properties, they help to optimize the material development process and they support purpose-designed cell development processes. The impact of changes in material properties on the system behavior can be simulated with such models. Also, ageing mechanisms such as lithium-plating, 5 formation of solid electrolyte interphase (SEI) 6, 7 or mechanical stresses 8 can be addressed. Physicochemical models are the only way to elaborate the performance of a battery cell before it even has been manufactured.
Several papers have been published developing physico-chemical simulation models that are based on the work of Newman and Tiedemann 1975, 9 amongst others. [10] [11] [12] [13] [14] Further approaches used electronic networks to simulate the physical and chemical processes in batteries. [15] [16] [17] Also extensions of these models including effects in 2D, for example temperature distributions, are reported in literature. 18, 19 However, a key part of physico-chemical models is the model parameterization. Especially if conclusions about the internal state of the battery or about ageing effects are to be drawn, the most important thing is to choose the correct set of parameters for the material under consideration. To the knowledge of the authors no work modelling z E-mail: batteries@isea.rwth-aachen.de lithium-ion batteries exists where a simulation model was completely parameterized by parameters determined for the special material under consideration using samples taken from the test object. In most published models, a significant amount of parameters was derived from literature sources or even just roughly estimated. Only few comprehensive parameterization efforts were made. Doyle and Newman 1996 11 validated a model based on measured values, but did not determine diffusion coefficients and kinetic parameters for their material. Less et al. 2012 20 parameterized a half cell, but did not determine the kinetic parameters. Furthermore some publications deal with parameter determination using nonlinear regression. 19, 21 Such approaches can be helpful, if a careful analysis of the parameters is performed for cases where the battery runs into different limitation effects and if the correlation feedback is taken into account seriously. However, a regression process is not easy to use and requires a profound knowledge of the battery behavior and the impact of the considered model parameters. Furthermore, for lithium-ion batteries parameters exist that are indeterminate using regression processes on full cell experiments. Shifting parameters against each other can lead to the same electrical behavior but completely changes the internal state of the battery. This is especially the case for the reaction kinetics of the two electrodes and their activation energies as shown by. 19 In most papers dealing with physico-chemical models, values from supplementary literature sources were taken, bearing the risk of different material properties, due to slight changes in the material. Smart et al. 2011 22 for example showed that only small changes in the composition of the electrolyte can lead to high changes in the exchange current density of the system. Especially the parameters determining the cell kinetic are problematic as either no reliable data are available in literature or the literature values of the parameters differ by several orders of magnitudes (see e.g. the discussion of the diffusion coefficient in part I of this publication 23 ). In this work, a commercially available cell of unknown design and material content is considered. In the first part of this publication, the cell has been opened under argon atmosphere and all material parameters relevant to parameterize a physico-chemical model have been determined by experiment. Parts of the parameters have been determined building laboratory-made coin cells. In this part of the paper, a simple electrical model with 1D spatial resolution is introduced and all parameters measured in the first part are integrated into the model. A validation of the model including the measured parameters is given.
Subsequently, it is discussed to which extent parameters obtained in laboratory cells can be transferred to commercial cells of the same material.
Experimental
For model development, a commercial high energy pouch lithiumion battery with 7.5 Ah manufactured by Kokam, labelled SLPB 75106100, was used. The anode consists of graphite, the cathode of Li(Ni 0.4 Co 0.6 )O 2 material. A detailed cell description can be found in the first part of this paper. 23 The validation tests for the 7.5 Ah Kokam cell were performed with a cycling device by Digatron (ECO 10 A 0 -6 V or multiple cell tester 100-06-12 ME, 100 A / 6 V). Temperature was regulated with a climate chamber (Binder MK53 −40
• C to +180 • C). The temperature of the cell was logged using a temperature sensor on the cell surface. Additionally, the OCV curve for this cell was recorded during a stepwise charging process, where the OCV was detected after a break of 5 h in each step.
Simulation-Model
In this section, a physico-chemical model is introduced that is able to simulate the electrical behavior of the lithium-ion battery introduced in Experimental section. In a first step, the complete dynamical model describing a full cell sandwich is introduced. For validation purposes, a modification of this model is implemented and discussed in the following, neglecting all dynamic processes in the battery, only simulating the open circuit behavior (model for electrode balancing determination).
Dynamic cell model.-The model relies on the governing physical and chemical processes in a lithium-ion battery, comprising diffusion and migration processes in the electrolyte and the solid material as well as the charge transfer process, and has a 1D spatial resolution. 2D effects are neglected and an average temperature is assumed for the simulated cells. The model is able to simulate the externally accessible voltage U batt response of a battery to a given current I batt or vice versa as well as the time evolution of internal parameters of the battery like local potentials or concentration distribution of lithium ions in the electrolyte or the active material. It is based on the porous electrode theory originally derived by Newman and Tiedemann 1975 9,24 and applies the equations for a dual lithium-ion insertion cell described by Fuller et al. 1994 . 10 The reaction kinetics of the intercalation process is described by the Butler-Volmer equation. The active material is assumed to consist of spherical particles. The surface of the particles is used to determine the reaction surface. The dependency of the exchange current density of the lithium concentration on the surface of the active material particles and in the electrolyte is implemented as described by Ref. 24 . Arrhenius equation is used to model the temperature dependency of the exchange current density. The equations applied in the model, describing the charge transfer reaction to determine the porewall flux j D between electrolyte and active material are summarized in the appendix. The reaction overpotential η D is defined as:
1 and 2 are the potentials in the solid phase and the solution, respectively.
U represents the open circuit potential of the considered electrode in dependency on the lithium concentration on the surface of the solid material. The open circuit potential curves have been measured for the cathode and anode using coin half cell setups. 23 The resistance R SEI [ ] describes the ionic conductivity of the SEI. This resistance is assumed to be zero for the simulation shown in this work but can become more important if ageing effects changing the SEI resistance are considered. In the model considered here, the effect of the SEI is included directly in the exchange current density (i.e. in the difference 1 -2 ).
The solid phase potential is determined by Ohm's law:
j 1 is the current density in the solid phase and σ s the solid phase conductivity. The potential in the solution is calculated using:
The first term describes the potential drop due to the current density j 2 and the ionic conductivity σ e,eff , the second term the concentration overpotential due to concentration gradients in the electrolyte. R is the gas constant, T the temperature, z the charge number (for lithium-ion battery z = 1) F the Faraday constant, t 0 + the transport number and c e the electrolyte concentration. The activity coefficient is assumed to be constant. σ e,eff reflects the ionic conductivity of the electrolyte inside the porous structure of the electrodes and is dependent on the lithium concentration in the electrolyte and on temperature. The concentration dependency of the ionic conductivity of the bulk electrolyte σ e has been measured in the first part of this publication. 23 The resulting fitting function is given in Table II . However, the effective conductivity σ e,eff in a porous structure differs from the conductivity of the bulk electrolyte σ e and is described using the tortuosity factor κ and the porosity ε of the material:
The temperature dependency of the electrolyte conductivity is modelled using the Arrhenius equation.
The divergence of current density in the electrolyte j 2 is related to the pore wall flux j D by:
where a is the ratio between the contact area between electrode and electrolyte and the considered volume. The double layer capacity of the battery is neglected in this model as it only contributes to the voltage on very small time constants (in the range of ms). Ong et al. 1999 25 integrated a double layer capacity into a physico-chemical model. They showed that a double layer capacity leads to a smoother transition toward the maximum potential at a given current.
Finally, the lithium concentration on the surface of the solid material c s,sur as well as in the electrolyte c e , these concentrations have to be determined as well. Therefore, a model system is assumed, consisting of spherical active mass particles. The particles are assumed to have electrical contact but no inter-particle diffusion. Neglecting the effects of stress and anisotropic diffusion and assuming that the active material is a good electronic conductor (transport number t − ≈ 1), the diffusion in the solid material can then be described by Fick's second law converted to spherical coordinates:
r is the radius and D s (c s ) the concentration-dependent diffusion constant of the solid material. On the surface of the particles the change in concentration is determined by diffusion as well as by the charge transfer current density j D , leading to the boundary condition:
and in the core : dc s dr r =0 = 0 [7] Finally, to determine the concentration in the electrolyte the diffusion processes within the electrolyte have to be simulated. To model the porous electrode it is assumed that the space between the spherical particles is filled with inactive materials and electrolyte and has a certain tortuosity factor κ and a porosity ε. Therefore, the diffusion in this porous structure proceeds with an effective diffusion coefficient 
For battery systems, usually concentrated solution theory is applied deviating from dilute solution theory by incorporating the interaction between the ions as well. This interaction is described by StefanMaxwell multicomponent diffusion. Applying the continuity equation of mass and charge, the Stefan-Maxwell diffusion can be used to derive an expression describing the change in lithium ion concentration with time in a binary electrolyte:
with zero flux at the current collectors: dc e dt x=0 and x=l = 0 [10] D e,eff is the effective value of the chemical diffusion coefficient of the electrolyte in the porous structure and t 0 + is the transport number for Li + in this electrolyte with respect to solvent velocity. It describes the contribution of the lithium ions to the total migration current. a is the ratio between the contact area between electrode and electrolyte and the considered volume. In Equation 9 convection is neglected and t 0 + is assumed to be constant with concentration. Furthermore, porosity is assumed not to change with time. This is true as long as no ageing of the system is considered and the porosity change due to the volume change is neglected. It is additionally assumed that dln(c 0 )/dln(c e ) = 0, where c 0 is the solvent concentration. Finally, Equation 9 resembles the diffusion equation derived by dilute solution theory. A detailed derivation of transport equations in dilute and concentrated solution theory can be found in. 27 The balancing of the system is determined by the start concentration of the anode c sn,start and the cathode c sp,start in the model. In Figure 1 the active material concentrations of cathode and anode are outlined for a cell directly after fabrication (upper figure) and in a charged state after the first formation cycles (lower figure). Prior to the first formation cycle, the anode consists of pure graphite (without lithium) and the cathode contains the maximum possible amount of lithium c sp,max . Usually the lithium in Li(Ni 0.4 Co 0.6 )O 2 -based cathode materials is only used partly due to the low stability of lithium poor phases. 28 In Figure 1 . Scheme of the active material concentration in anode and cathode directly after fabrication (upper figure) and in the charged state after the first initialization cycles. For a charged cell, c sn,start and c sp,start are used as start concentrations.
the following, the used percentage of lithium in the cathode is called 'utilization'. During the first charge process, the lithium is deintercalated from the cathode and intercalated partly to the anode, the other part is irreversibly consumed in SEI formation (C SEI ). Therefore, a cell in charged state has the following concentrations:
V denotes the volumes of the electrode coatings, ε the porosities and inactive part fraction of inactive material in the electrodes. For a cell in a discharged state one obtains:
The theoretical maximal concentration of an active material particle c s,max can be calculated by the density ρ and the molar mass M of the intercalation compound LiC 6 or Li(Ni 0.4 Co 0.6 )O 2 :
Model for cell balancing determination.-The model for cell balancing determination is a simplification of the dynamic cell model described in Dynamic cell model section where all dynamical processes are neglected. Hence, the model consists of one active material particle for each electrode where lithium can accumulate, without modelling the diffusion or the intercalation process itself. It serves as a tool to validate the balancing of the electrodes by comparing the simulated OCV curves with measured ones (see Model-Validation section). For each electrode, the open circuit voltage in dependency on the amount of intercalated lithium is provided. A given current directly changes the lithium content of the anode and cathode particle and therefore the OCV. The balancing of the two electrodes is determined by the utilization of the cathode, the amount of formed SEI and the capacity of the active materials. The latter is calculated from the geometrical dimensions of the two electrodes, the theoretical capacity of the active materials, the amount of inactive material in the electrodes and their porosity (see Equations 11 and 12) . The parameters needed for model parameterization are listed in Table I .
Model-Parameterization: Summary of the Measured Parameters
In this section, the measured model parameters are summarized. The parameters have been measured in the first part of this publication 23 by post-mortem analysis of Kokam cells (SLPB 75106100). Hg-porosimetry as well as conductivity measurements have been conducted. Electrochemical measurements have been performed on laboratory-made coin cells in order to determine open circuit voltage curves, diffusion coefficients and the charge transfer kinetics of the active materials as well as the balancing of the system. For all measurements, an electrolyte produced by BASF (LP50) has been employed. This electrolyte has been assumed to be most similar to the one of the original system, even though the exact composition of this system is unknown. In Table I , the measured parameters determining the balancing of the system are given. In some cases a deviation from the measured parameter is identified in order to obtain an agreement between experimental and simulation results. Therefore also the parameter values finally used for the simulation of the Kokam cell are listed. If no model value is given, the parameters are used as measured originally. Deviations of the model parameter from the measured value are discussed in Model-validation section. In Table II , the parameters determining the dynamic behavior of the system are given. Furthermore, the measured values as well as the values finally used in the simulation are listed and deviations are discussed in Model-Validation section.
Model-Validation
In this chapter, all parameters are incorporated into the models described in Simulation-model section to simulate the commercially available 7.5 Ah Kokam cell. It is investigated whether parameters obtained from coin cell setups 23 can be transferred to the original system. The simulations are compared with validation experiments performed at different temperatures. The temperature on the surface of the cell, measured by a sensor, is given to the model to include cell heating in the simulation.
First, an OCV curve at 25
• C is used to validate the balancing of the cell. Measurement results are compared with results obtained by Table  II ). The inactive parts of anode and cathode are increased from 39.17% to 42% and from 40.37% to 44.5%, respectively, the oversize of the anode is neglected and the capacity loss due to SEI is decreased from 14% to 6.8%. the model for cell balancing determination introduced in Model for cell balancing determination section. Figure 2a displays a comparison of the model results using the measured parameter set (see Table I ) with measurement results. The graph shows that the capacity of the cell is not reproduced accurately by the model. To match simulation and experiment, the inactive part of the anode and cathode material determined in 23 is adapted from 39.19% to 42% and from 40.37% to 44.5% for the cathode and the anode, respectively. The inactive part of the material is an arguable parameter that has high uncertainty in its determination (see Ref. 23 ). Therefore, it seems to be justified to make these small changes. A second set of parameters that has to be adapted in order to reproduce the OCV curve are the geometrical dimensions of the anode. To prevent lithium plating, the anode is designed to be larger compared to the cathode (2 mm in width and 2 mm in length). Therefore, the anode is not completely covered by a cathode in the cell. It is feasible that the part of the anode that is not covered by a cathode is not completely used in the system. Therefore, the anode is assumed to have the same size as the cathode. Furthermore, the capacity loss due to SEI has been measured in a coin cell setup. It is therefore likely that during cell disassembling, removal of the coating and reassembling in a coin cell, the SEI of the anode material gets destroyed in some way and reforms during the first cycles in the coin cell to a SEI with a potentially different structure. The formation of a new structure is probable as it is not clear whether the same electrolyte has been used for parameterization measurement as the one employed in the original system. The results of the first two formation cycles of coin full cells show that for these cells indeed about 6% of the capacity go into a side reaction during the first two formation cycles. This leads to the fact that in a coin cell additional lithium is lost for the system, which is reflected in a higher value for C SEI (capacity loss due to SEI). Thus, the measured value of C SEI is lowered in the following. Figure 2b shows the simulation result obtained using the discussed adaptation of the parameters which is summarized in Table I . With the change in the inactive part of the material, the geometrical dimensions of the anode and the amount of lithium lost in SEI formation, the measured OCV curve can be reproduced perfectly. In the following simulations, these parameters are used and addressed to as the final set of parameters determining the balancing.
In a second step, all measured dynamic parameters of the Kokam cell listed in Table II are implemented into the dynamical cell model where the current is scaled according to the number of active material layers. Figure 3a shows simulation results obtained with the measured set of dynamical model parameters. The parameters determining the balancing are adjusted according to the discussion above. The simulation is compared to a measured discharge curve with 1 C at 25
• C. The model reproduces the experimental results well, but an offset is visible at begin of discharge. This offset seems to be due to a deviation in the charge transfer, which has been determined in a coin cell setup. As discussed before, it is likely that during cell disassembling, removal of the coating and reassembling in a coin cell, the SEI of the anode material gets destroyed and reforms during the first cycles in the coin cell to a SEI with a potentially different structure, especially if a different electrolyte is used in the setup compared to the original system. With a different structure the SEI resistance changes as well. As SEI is coupled to the charge transfer resistance in the model, a changed exchange current density of the anode due to changed SEI resistance is likely. Smart et al. 2011 22 also showed that changes in electrolyte composition lead to high changes in exchange current density of the anode due to differences in SEI formation, whereas the exchange current density of the cathode is found to be only marginally affected by a change in electrolyte. In Figure 3b simulation results obtained by changing the exchange current density of the anode from 7.05 · 10 −5 A/cm 2 to 5.39 · 10 −4 A/cm 2 are shown. All other parameters are fixed as before. The beginning of the 1 C discharge curve at 25
• C can now be reproduced well by the model. This is important for the short-term behavior of the cell, which is of great concern in applications like electric vehicles. Therefore, the new exchange current density is used for the following simulations. However, there still seems to be a problem with the limitation of the cell at the end of the discharge. According to Arora et al. 2000 12 limitations during dynamic discharge are due to diffusion effects. For high rate discharge they found the solutionphase limitation being the major limiting factor. But also solid state diffusion can limit the capacity of the cell. Ender 2015 29 showed that solid state diffusion limitations can decrease the simulated capacity of a cell, when taking the distribution of particle size into account instead of using an average particle size. In the case of the Kokam cell considered in this work, the Hg-porosimetry conducted in 23 revealed a distribution including two particle sizes for the anode as well as for the cathode. Especially for the anode a considerable amount of volume is represented by particles of a radius around 40 μm. To account for the stronger limitation due to this distribution, the anode particle radius is increased from 8.7 μm to 13.7 μm in the following. The final parameter that is adjusted in order to obtain a good agreement between simulation and experiment is the activation energy of solid state diffusion. As discussed in, 23 uncertainties occurred in the determination of the activation energy of solid state diffusion depending on the method (i.e. EIS and GITT). Starting with the values obtained from EIS measurement, the activation energy of solid state diffusion of the anode is adapted to achieve the best agreement between measurement data and simulation results. Considering discharge curves with different current rates at different temperatures, the best results are obtained using the value of E a,Dn = 30. Table II ). (c): Simulation performed with an increased exchange current density of the anode from 7.05 · 10 −5 A/cm 2 to 5.39 · 10 −4 A/cm 2 , an increased particle radius of the anode from 8.7 μm to 13.7 μm and a decreased activation energy of the solid state diffusion of the anode from 40.8 kJ/mol to 30.3 kJ/mol (see Table II ). In all cases the parameters determining the balancing are adjusted according to the discussion above. Figure 3c shows simulation results for the 1 C discharge at 25
• C obtained with this final set of dynamical model parameters. The model reveals a good agreement with the measured data, with a maximum error below 0.9%.
The final set of parameters is further used to simulate discharge curves at different C rates, charge and discharge curves as well as pulse profiles. In Figure 4a , simulation results of discharge curves with different current rates at 25
• C are compared with experimental results of a 7.5 Ah Kokam cell. The model shows a good agreement with the measured data. Likewise, the 1 C charge-discharge curve (constant current charge, followed by a constant voltage phase, a 1 h break and a constant current discharge), shown in Figure 4b , can be reproduced by the model. Figure 5 shows the comparison between model and experimental results during a 1 C discharge to 50% SOC followed by a pulse profile using pulses with different currents and of Table I and Table II shows a zoom of (a) to display the pulses in more detail.
All simulations are performed with the final set of parameters listed in Table I and Table II . Table I and Table II. different durations. The relaxation after the discharge is reproduced well by the model. The short-term behavior of the cell during the pulses can also be reproduced by the model. The maximum error occurring between simulation and measurement is 2.1%. Finally, the simulation results of pulses at different SOC are compared with experimental data as well. The results are shown in Figure 6 . Here, the model is also able to simulate the long term discharge curves as well as the short term pulses of the cell, which a maximal error of 2.4%.
To validate the Arrhenius approach and the activation energies, simulation results at different temperatures are also compared with experimental data. Figure 7a shows measured and simulated discharge curves conducted with 1 C at different temperatures. The temperature dependency of the exchange current density seems to be reproduced accurately. No severe offset occurs at begin or during discharge. The solid state diffusion of the anode limits the capacity obtained at end of discharge. The new value of the activation energy seems to be Table I and Table II Table I and Table II reasonable as the capacities are predicted quite well at different temperatures. The solid state diffusion of the cathode only models the shape of the discharge curve. The activation energy obtained by EIS seems to be the proper value as also the shapes of the curves are reproduced well for different temperatures. Overall, the model is able to simulate the temperature dependency of the battery.
In the following, the low temperature behavior is investigated in more detail. Figure 7b displays measured and simulated discharge curves at −10
• C with different current rates. The dependency on current rate at low temperature is reproduced well by the model. • C. Again, a simulation of a 1 C discharge to 50% SOC followed by a pulse profile using pulses with different currents and of different durations is compared to experimental results. For low temperatures, the model is also able to reproduce the relaxation after the discharge as well as the short term behavior of the cell during the pulses.
Finally, the internal state of the cell during a 1 C discharge at −10 • C is analyzed in Figure 9 and Figure 10 . Figure 9 displays the simulated lithium concentration within an active material particle close to the separator. Sever gradients can be observed over the particle radius for the anode as well as for the cathode due to diffusion limitations at these conditions. The concentration gradients provoke the observed drop of the voltage and limit the cell capacity compared to the static case. Concentration gradients also evolve within the electrolyte as shown in Figure 10 . Within the first 3 min of discharge a maximum gradient is established over the cell stack. However, during further discharge the cell heats up and the gradient decreases again. The concentration gradient within the electrolyte contributed to the voltage drop as well.
Conclusions
In the first part of this publication, 23 all parameters necessary to fully parameterize a physico-chemical model have been determined experimentally for a 7.5 Ah pouch cell produced by Kokam. The measured values are summarized in Table I and Table II . The model parameters have been used for a model validation in this work.
The measured parameters have been integrated in a simple physicochemical model to reproduce the dynamical behavior of the 7.5 Ah cell. The model results have been compared with discharge curves at different current rates and temperatures as well as pulse profiles. The activation energy of the solid state diffusion has been identified to be a critical parameter as different measurement techniques reveal values deviating strongly from each other. Fitting model to experimental results suggests that activation energies obtained by electrochemical impedance spectroscopy are more suitable for model parameterization. However, future research on adequate measurement technics to determine activation energies of the solid state diffusion for battery materials is necessary. The comparison of model and validation test results also reveals that additional SEI has been formed in the coin cell, probably due to SEI destruction during the disassembling/assembling process. Therefore, the amount of lithium irreversibly lost in the SEI as well as the exchange current density (also dependent on the SEI) measured by coin cells have to be adjusted to simulate the 7.5 Ah cell. Furthermore, an increase in the measured average particle size of the anode material is necessary to reproduce the capacity limitations during higher discharge rates. This adjustment accounts for the simplification of the model that neglects the particle distribution inside the active material. With these adjustments, the model is able to reproduce the current dependency as well as the temperature dependency of the cell during usage.
The results show that a physico-chemical model of a commercially available cell can be parameterized using coin cell measurements making some physically motivated adjustments. With the derived set of parameters, the model is able to make quantitative predictions about the internal state of the battery during cycling. Furthermore, it can also be used to draw conclusions about ageing processes occurring in the cell, and it can be used to predict the performance of batteries made from the characterized materials in arbitrary cell designs.
